Salmonella enterica serovar Typhi z66-positive strains have two different flagellin genes, fliC:d/j and fljB:z66, located on the chromosome and on a linear plasmid, respectively. To investigate the mechanism underlying the expressional regulation of fljB:z66, gene deletion mutants of the regulators FliA, FlhDC, and OmpR were constructed in this study. The expression levels of fliC and fljB:z66 were analyzed by qRT-PCR in the wild-type strain and mutants at high and low osmolarity. The results show that the expression levels of both fljB:z66 and fliC were greatly reduced in fliA and flhDC mutants under both high and low osmotic conditions. In the ompR mutant, the expression levels of fljB:z66, fliC, fliA, and flhD were increased at low osmotic conditions. SDS-PAGE and western blotting analysis of the secreted proteins revealed that the FljB:z66 was almost absent in the fliA and flhDC mutants at both high and low osmolarity. In the wild-type strain, the fljB:z66 was more highly expressed under high-osmolarity conditions than under low-osmolarity conditions. However, this difference in expression disappeared in the ompR mutant. Translational expression assay of FljB:z66 showed that the FljB:z66 expression was decreased in ompR mutant at both low and high osmolarity. These results suggest that the expression of fljB:z66 in S. enterica serovar Typhi is dependent on FliA and FlihDC, and OmpR can regulate the expression and secretion of FljB:z66 in different osmolarity.
INTRODUCTION
Flagella are the structural and functional basis of the motility of Salmonella enterica. They are composed of three substructures: the basal body, the hook, and the filament. The basal body is the rotor of the flagella motor, embedded in the inner membrane; the hook is a flexible joint between the basal body and filament; and the filament, which is approximately 5-10 µm long, acts as the propeller of the microbe (23) . About 50 genes are associated with the structure, assembly, and function of the flagellum (17) . However, the filament is constructed of in the motor and chemotaxis functions and filament structures (13, 18) .
More than 90 kinds of flagellin have been identified in
Salmonella by screening with the corresponding antisera (6) .
Flagellin genes are about 1500 bp in length, with two conservative terminal regions and a highly variable central region. The corresponding domain of flagellin is located on the surface of the filament and constitutes the flagellar epitope (20) . Most S. enterica serovars are biphasic strains, which contain two different flagellin genes, designated fliC (phase I)
and fljB (phase II), located at different loci on the chromosome (11) . After treatment with anti-flagellin antiserum, the biphasic serovars can express FljB and FliC alternately, which is referred to as "phase variation". Salmonella enterica serovar
Typhi is an enteric pathogen that causes systemic infections in humans, and is traditionally considered a monophasic strain, only containing fliC, which encodes the d antigen or j antigen (18, 27) . To investigate the regulation of fljB:z66 expression in this study, we first generated deletion mutants of the flagellar regulator genes (fliA and flhDC) and an ompR deletion mutant. 
MATERIALS AND METHODS

Bacterial strain and cultures
A z66-antigen-positive wild-type strain of S. enterica serovar Typhi GIFU10007 was used in this study. The bacteria were grown with shaking at 37 °C in Luria-Bertani (LB) broth (pH 7.0) containing 50 mM and 300 mM NaCl, representing low-and high-osmolarity environments, respectively. The bacteria were grown overnight at different osmolarities, and then grown in fresh LB to log phase (OD 600 of 0.5) at the same osmolarity to extract their RNA and secreted proteins. In this study, Escherichia coli SY372λpir was used to harbor the suicide plasmid pGMB151 for the construction of the targeted gene mutants.
Construction of flhDC, fliA, and ompR deletion mutants
Mutants of flhDC, fliA, and ompR were generated by homologous recombination mediated by the suicide plasmid pGMB151. The primers used to prepare the recombinant DNAs and to investigate gene expression are listed in 
RNA extraction and real-time quantitative reverse transcription-polymerase chain reaction (qRT-PCR)
The bacterial cells were cooled on ice for 10 min and harvested by centrifugation (4000 g for 10 min at 4°C). To destroy the cell envelope, the bacterial cells were resuspended in 100 µL of lysozyme-TE buffer (0.6 mg/mL lysozyme, pH 8.0), transferred into an NA extraction mini tube (AMR, Gifu, Japan), and vigorously shaken for 3 min at room temperature.
Total RNA was then extracted with an RNeasy Mini Spin Column (Qiagen), according to the manufacturer's instructions.
The quantity and quality of the extracted RNA were checked with an ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, USA). To remove any traces of DNA, the extracted total RNA was treated with 1 U of RNasefree DNase I (TaKaRa, Japan) at 37 °C for 10 min and then incubated at 85°C for 15 min to inactivate the DNase. We previously found that the expression of the flagellar genes of Salmonella was strictly reduced early in the period of hyperosmotic stress and then increased after 2 h of stress (9, 26) . Under stationary high-osmolarity conditions, the expression of fljB was higher than under low-osmolarity conditions, which seemed to be attributable to OmpR (9, 26) .
RESULTS
Expression of
To Wild type strain and mutants were incubated in high (H) and low (L) osmotic conditions. Secreted proteins were extracted from cultures with trichloroacetic acid, separated by SDS-PAGE. Western blot was performed with anti-z66 antibody to reflect the amount of the flagellin FljB:z66 in secreted proteins. There was significantly more FljB:z66 in the secreted proteins of the wild-type strain at high osmolarity than at low osmolarity. In the ompR mutant, the amount of FljB:z66 in the secreted proteins did not differ significantly at high and low osmolarity. The amounts of FljB:z66 in the secreted proteins of the flhD and fliA mutants were greatly reduced compare with that in the wild-type strain. in Figure 5B . The β-galactosidase activity of the ompR mutant was significantly lower than that in the wild-type strain at both low and high osmolarity. These results suggest that the translational expression of FljB:z66 in the ompR mutant is lower than that in the wild-type strain, which is similar to the previous western blot results for FljB:z66 in whole-cell lysates.
These results revealed that OmpR might regulate translation of fljB:z66 in S. enterica serovar Typhi at different osmolarity. 
